Abstract-This paper is motivated by the optimization of manufacturing systems such as assembly lines and job-shops. Therefore, the main problem for designers is to find a trade-off between minimizing the cost of the resources and maximizing the system's throughput. Timed marked graphs, a special class of Petri nets, are extensively used to model and analyze cyclic manufacturing systems. Weighted marked graphs are convenient to model systems with bulk services and arrivals. We consider two problems of practical importance for this class of nets. The marking optimization problem consists in finding an initial marking to minimize the weighted sum of tokens in places while the average cycle time is less than or equal to a given value. The cycle time optimization problem consists in finding an initial marking to minimize the average cycle time while the weighted sum of tokens in places is less than or equal to a given value. We propose two heuristic algorithms to solve these problems. Several simulation studies show that the effectiveness of the proposed approach is significantly faster than existing ones.
I. INTRODUCTION
Timed Petri nets are a well known tool to model discrete event systems and represent their dynamic behavior. In this paper, we study a particular class of timed Petri nets called timed weighted marked graphs (TWMGs). The main structural feature of this class of nets is that each place has only one input and one output transition. Moreover, the firing delay of each transition is deterministic.
Timed weighted marked graphs and timed marked graphs (TMGs) find wide applications in manufacturing. They can model complex assembly lines and solve cyclic scheduling problems. Workshop operations and products are usually modeled by transitions and tokens, respectively. Between two successive transformations, semi-finished products have to be stored or moved from a workshop to another. The amount of products, also called Work In Process (WIP), that have to be stored or moved may have economical consequence. Therefore, the main problem for designers is to determine a proper schedule of WIP that allows the system to reach prespecified productivity while the amount of WIP is the smallest. Some results have been developed for this class of Petri nets. Teruel et al. [1] proposed several techniques for the analysis of WMGs. Nakamura and Silva [2] and Campos et al. [3] developed methods to compute the average cycle time of TMGs for a given initial marking. Benabid-Najjar et al. [4] discussed the periodic schedules of bounded TWMGs and presented polynomial algorithms to check the existence of periodic schedules. Giua et al. [5] dealt with the problem of allocating a given number of tokens in a TMG so as to maximize the firing rate (i.e., the inverse of the cycle time) and proposed three different procedures to solve the problem. Laftit et al. [7] investigated the problem of reaching on TMGs a desired average cycle time that is less than a given value, while minimizing an invariant linear criterion. Benazouz et al. [6] developed an algorithm to minimize the overall buffer capacities with throughput constraint for TWMGs. In their work, a heuristic algorithm and an exact algorithm are presented. However, in the literature, few studies are found to consider the marking optimization problem of TWMGs. Sauer [8] addressed the problem of finding an initial marking to minimize the weighted sum of tokens in places while the average cycle time is less than or equal to a given value, and proposed a heuristic solution based on an iterative process. Touris and Sauer [9] presented an approach based on the branch and bound to solve the same problem. This paper copes with the marking optimization problem of a TWMG under single server semantics and the related cycle time optimization problem. The marking optimization problem consists in finding an initial marking to minimize the weighted sum of tokens in places while the average cycle time is less than or equal to a given value. The cycle time optimization problem consists in finding an initial marking to minimize the average cycle time while the weighted sum of tokens in places is less than or equal to a given value.
In the first part, we propose an iterative heuristic algorithm to solve the marking optimization problem. At each step, we select places from some circuits to which we add tokens until the average cycle time is less than or equal to the desired value. Numerical simulation studies show that the proposed method requires less iteration steps and thus is much faster than the approach in [8] . In some special cases the objective function that we obtained may be greater (i.e., worse) than the one found by Sauer. However, we show that by combining the two approaches, i.e., the one in [8] and the one proposed in this work, we can always reach the same objective function in [8] with a significant reduction of computational costs.
In the second part of this paper, we study the cycle time optimization problem of a TWMG, an issue that to the best of our knowledge has not been addressed in the literature. Another iterative heuristic algorithm (Algorithm 2) is presented. At each step, we provide a criterion to select one place to which tokens are allocated until all available tokens (i.e., resources) are used up or the average cycle time reaches the lower bound.
The main contributions of the present paper can be summarized as follows:
1) A heuristic solution combined with an analytical method for the marking optimization problem is presented. By taking the advantages of the previous study, we show that the obtained solutions can be further improved. The simulation results show that the proposed method is more efficient than previous one in most cases.
2) The cycle time optimization problem of TWMGs under single server semantics is originally presented. A novel heuristic solution is proposed which is fast and efficient. This paper will be published in IEEE Transactions on Automation Science and Engineering in 2017 [10] .
